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Abstract 
This paper presents the results from the study of the effect of halloysite powders on the performance of the slow-setting silicate-
based autoclaved aerated concrete (SW production technology). The clay mineral was used as a cement replacement. The 
material was tested at industrial scale.  The test results indicated relationships between halloysite chemical properties and the 
properties of the ready-made product. The most important properties of the mineral from the kaolinite group include high 
specific surface area and chemical composition. Physical and mechanical properties were tested in terms of bulk density, 
porosity, thermal conductivity and compressive strength of the finished product. In addition, the testing programme included 
determining the influence of halloysite on the phase composition and microstructure of the aerated concrete, using the XRD 
analysis and SEM imaging. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
Autoclaved aerated concrete (AAC), from the group of lightweight concretes, is a mixture of quartzite sand and 
cement, lime and gypsum (calcium sulphate dihydrate) with a trace amount of aluminium powder to bind the 
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material. There is a growing interest in the use of mineral admixtures for cement [1-5]. 
 
Halloysite (Al4[Si4O10](OH)8 ·4H2O), due to its chemical composition and physical characteristics, can enhance 
the properties of the composites with a cement binder. Halloysite present in the pore solution dissociates and the 
resultant aluminate ions may form calcium aluminosilicates. The silica present on the surface of the halloysite can 
react with calcium ions to form calcium silicate hydrates [5, 6]. 
 
The purpose of this study was to evaluate the impact of halloysite on the performance of the autoclaved aerated 
concrete produced according to the slow-setting silicate technology (SW). The paper presents the results from the 
tests for the chemical composition (XRF) and the phase composition (XRD) of halloysite. In addition, the results 
of the physical and mechanical tests of the autoclaved aerated concrete. The testing programme included the 
determination of the influence of varied amount of halloysite added to the cement on the phase composition (XRD) 
and microstructure of the autoclaved aerated concrete (SEM). 
2.Materials and methods 
Cement CEM II/A-V, quicklime, quartzite sand, aluminium powder, gypsum and halloysite as an admixture for 
cement were used to fabricate the autoclaved aerated concrete. The raw materials used conformed to the 
requirements for the materials for the production of the autoclaved aerated concrete. 
 
Halloysite used in the tests was derived from the „Dunino” quarry. Figure 1 shows the X-ray diffraction patterns 
of halloysite and Table 1 summarises its oxide composition.  
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Fig.1.  X-ray diffraction patterns of halloysite (H- halloysite, Q-quartz). 
 
Table 1. Oxides in the halloysite. 
Oxides SiO2 Al2O3 Fe2O3 TiO2 P2O5 CaO Na2O MgO K2O MnO 
Content [%] 49.6 41.54 5.66 1.98 0.79 0.25 0.08 0.063 0.063 0.046 
 
The X-ray diffraction (Fig. 1) revealed in the halloysite the presence of main reflexes characteristic of this 
mineral. The characteristic halloysite peaks occur at angles 2θ of 12.1; 20.1 and 24.5°, which correspond to the 
following lattice planes: ( 0 0 1), (1 0 0) and (0 0 2). The X-ray analysis of the halloysite showed also the presence 
of quartz. 
 
216   Zdzisława Owsiak et al. /  Procedia Engineering  108 ( 2015 )  214 – 219 
The chemical analysis indicates that halloysite is a typical aluminosilicate containing SiO2 and Al2O3, which 
constitute more than 90% of all the oxides. 
 
The compressive strength tests were performed in accordance with PN-EN 771-1, the density test in accordance 
with PN-EN 772-13 and the heat transfer coefficient was determined to PN ISO 8301. The phase composition of 
the halloysite and the autoclaved composites obtained was analysed using the XRD instrument EMPYREAN by 
PANalytical. The pore size distribution was determined using a mercury porosimeter AutoPore IV. The 
microstructure was observed on the scanning electron microscope Quanta 250 FEG at high vacuum, with the EDX 
system. The chemical composition of the halloysite was determined using the X-ray fluorescence analysis (XRF). 
3. Manufacture of the autoclaved aerated concrete with halloysite 
Performance tests for the AAC in the industrial scale were conducted in PREFABET in Żelisławice. The 
autoclaved aerated concrete for density class 500 (in accordance with PN-EN 771-4:2012) was produced with the 
following composition: CEM II/ A-V, quicklime, gypsum, quartzite sand and aluminium powder. Halloysite was 
used as a substitute for 2.0; 3.5; 5.5 and 7.5% of cement. The aggregate K to binder Sp ratio was 2.54. The water to 
binder ratio was 0.47 (W/S=0.47); only for the samples with 7.5% halloysite, the W/S ratio was 0.49. Table 2 
summarises the raw mixtures with varied amount of halloysite. 
 Table 2. Designation of the AAC samples. 
Designation of samples 32 34 33 28 8 
Halloysite content  [%] 0 2.0 3.5 5.5 7.5 
 
The mixtures were prepared in the following way: the sand slurry, water and the surface-active agent were 
placed in a stationary mixer and mixed for 2 minutes. Then the binder with halloysite was added and allowed to 
homogenize for 3 minutes. The last ingredient put into the mixer was the aluminium powder in the water solution 
of the surface-active agent. The material was mixed for another 1.0 minutes.  The technical parameters of the fresh 
aerated concrete mass were monitored during the process of expanding and setting. These parameters are 
summarised in Table 3.  
Table 3. Parameters of fresh aerated concrete. 
Fresh mass 
designation 
Halloysite ratio 
(%) 
 
Initial 
temperature 
(°C) 
Flow (cm) Curing time 
(min) 
Hardness 
(lbs) 
32 0.0 50 24 210 360 
34 2.0 51 23.5 210 380 
33 3.5 50 23.5 210 380 
28 5.5 51 23 210 390 
8 7.5 51 20 205 390 
 
The processes of expansion and setting advanced similarly. The use of the halloysite as a replacement for 
cement in the autoclaved aerated concrete influences the flow and hardness of the concrete mixture. The flow and 
the curing time decreases with the halloysite amount increasing up to 7.5%.  
4. Results 
After the mixture attained proper hardness, the form with the mass was passed for cutting. The concrete blocks 
were subjected to hydrothermal treatment. Following the autoclaving, the values of compressive strength, density 
and heat transfer coefficient were determined. The averaged results are shown in Table 4. 
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Table 4. Properties of aerated concrete. 
Designation of samples 
 
Halloysite content 
(%) 
Density 
(kg/m3) 
Compressive strength 
(MPa) 
Heat transfer coefficient 
W/(m·K) 
32 0.0 438 4.08 0.136 
34 2.0 450 4.09 0.134 
33 3.5 445 4.22 0.135 
28 5.5 453 4.32 0.136 
8 7.5 458 4.31 0.139 
 
The results in Table 4 indicate that the density of the AAC made with halloysite fits in the range assumed for 
density in the recipe. The compressive strength of the AAC made with halloysite varies with an increasing 
percentage of aluminosilicate in the composition. The replacement of the cement by the halloysite in the amount of 
5.5% and 7,5% led to a strength increase of 5.8% and 5.6%, respectively. For the AAC made with 2% halloysite, 
the comporessive strength value is similar to that of the reference sample. The heat transfer coefficient for density 
class 500 fits within the range 0.134÷0.139 W/(m·K). Figure 2 shows the phase composition of the autoclaved 
aerated concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. X-ray diffraction patterns of autoclave aerated concrete. 
Qualitative phase compositions for all AAC samples were similar. Tobermorite and quartz constituted the 
predominant phase. No unreacted anhydrite or calcite was found.  
 
 
 
 
 
 
 
 
Fig. 3. Pore size distribution in AAC. 
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Figure 3 shows the pore size distribution for sample 28 (5.5% halloysite). Porosity measured with the mercury 
porosimeter was 78.2 %. Spaces in the AAC structure were initially filled with water to ultimately fill with the 
reaction products while curing and autoclaving. The spaces, called water pores or inter-cluster pores. range from 5 
to 30 μm in diameter [7]. Figure 4a shows concave spaces in the matrix material, called quartz pores (10-50 μm), 
in which the quartz did not dissolve completely during the autoclaving process. As a result, residual quartz, 
surrounded by the tobermorite matrix may be found. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
a)                                                                  b)                                              c) 
Fig. 4. a) Microstructure of AAC b) residual quartz (point 1) c) tobermorite (point 2). 
The microstructure of all AAC samples with halloysite were analysed using the scanning electron microscope. 
The qualitative composition exhibited no changes. Figure 5 shows the microstructure of tobermorite present in the 
inner walls of the air pores of the AAC. The calcium silicate hydrates occur in the form of laths. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Microstructure of tobermorite on the inner pore wall (SEM). 
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5. Analysis of the results 
The study of halloysite as a mineral admixture for AAC indicated that the mineral affected the performance of 
autoclave aerated concrete. The results from the tests showed several percent increase in the compressive strength 
of the AAC containing 3.5%; 5.5% and 7,5% of halloysite relative to the reference sample, at the similar density. 
Larger amounts of halloysite (7,5%) as a substitute for the cement did not further increase the compressive 
strength. The analysis of the phase composition indicated the predominance of tobermorite and quartz in the AAC. 
Neither unreacted anhydrite nor calcite was detected. Three mechanisms can be responsible for the increase in the 
compressive strength of the AAC. Firstly, halloysite can act as filler due to the particle size of the order of 
nanometres.  The mineral probably fills the voids left after evaporation of the free water in the autoclaved 
composites. Secondly, high content of SiO2 and the presence of hydroxyl groups on the halloysite surface. The 
hydroxyl groups can react with Ca2+ ions from the cement paste, leading to an increased C – S – H phase content, 
which under hydrothermal conditions is transferred into tobermorite 1.1nm as the synthesis goes forward. The last 
factor is, the presence of aluminate ions. Due to the adsorption of the aluminate ions on the surface of reactive 
silica, its solubility decreases delaying the formation of the C-S-H(I) phase. In the final stage of autoclaving, larger 
amounts of tobermorite are formed.  
 
The addition of halloysite to the autoclaved aerated concrete does not affect the change in heat conduction 
coefficient when compared with the reference sample. The SEM observations of the microstructure confirmed the 
XRD results. Tobermorite and small amounts of quartz were detected.  
 
 The study of physical and mechanical properties of the autoclaved concrete with varied amount of halloysite 
indicated that the best results were obtained when 5.5% of halloysite by mass of cement was added.  
6. Summary 
The following conclusions can be made based on the results obtained: 
 
Application of halloysite as a cement replacement in the amount of 5.5% increases the strength by 5.8% at the 
same bulk density of the autoclaved aerated concrete. 
 
Thermal insulation parameter was not reduced and the bulk density did not increase due to an addition of 
halloysite, but its presence provided a several percent increase in strength. 
 
Tobermorite and residual quartz appeared to be the primary phase formed during autoclaving. The tobermorite 
formed under hydrothermal conditions has a form of needle-like crystals.  
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